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INTRODUCTION 
Since the mammalian liver microsomes were found to 
contain enzymes which catalyze a variety of oxidative de-
toxicative reactions, extensive research has been done on 
the so-called microsomal oxidations. Implications of such 
studies are that not only are these reactions Important in 
detoxication reactions in general, but they are of funda­
mental significance in several other aspects. They have 
been realized as an important factor in controlling the 
duration of drug action, and their role in the process of 
chemical carcinogenesis has been suspected. Microsomal 
oxidation enzymes have attracted biochemists because of 
the puzzling in vitro requirement for the reduced form of 
cofactors by these oxidative enzymes. These enzymes also 
metabolize several types of insecticides and are apparently 
Involved in the phenomena of insecticide synergism and 
antagonism. Yet, little is known about microsomal enzymes 
in insects, though the presence of such enzymes in insect 
tissues has recently become evident. 
Not all microsomal oxidations are catalyzed by a sin­
gle enzyme system. However, in vitro requirements for 
oxygen and the reduced form of cofactors suggest that 
there is a common mechanism involved in all of these re-
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actions. Therefore, study of one of the microsomal oxida­
tion reactions should provide Information that may help 
understand others. 
Among the insecticides that are oxidized by microsomal 
enzymes are organic phosphorothlonates such as parathlon 
(0,0-diethyl 0-£-nitrophenylphosphorothloate; see Table 1). 
The corresponding phosphates, the products of the reaction, 
are highly inhibitory to cholinesterase, unlike the parent 
compounds which are poor inhibitors. Hence, the conversion 
is called activation. 
This study was undertaken to learn the nature of para­
thlon activation enzymes in the fat body of the American 
cockroach, Perlplaneta amerlcana (Linnaeus). The choice 
of fat body tissue was made because of the ease in obtain­
ing relatively large quantities of a single tissue, although 
other tissues also catalyze the activation. A non-enzy­
matic model system, consisting of EDTA, Fe(II), and aseor-
bate was also employed to support studies on the enzymatic 
activation. 
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REVIEW OF LITERATURE 
Microsomal Oxidation of Foreign Compounds 
Microsomes, which are isolated by differential 
centrifugation of cell homogenates and are derived from 
distinct intracellular structures, have been recognized 
to possess biochemical characteristics distinct from 
those of other subcellular fractions (Palade and Siekevitz 
1956, Schneider and Hogeboom 1956). Oxidative detoxica­
tion is one of the characteristic microsomal functions 
(Brodie et al. 1958a). The volume of literature on this 
subject is now quite large ; therefore, this review will be 
confined to aspects of direct importance. Various types 
of reactions that are catalyzed by microsomes are shown 
In Table 1. The reactions include oxidation of aliphatic 
carbon, N-dealkylatlon, O-dealkylation, aromatic hydroxyla-
tion„ thioether oxidation and desulfuration. All reactions 
have in vitro requirements for oxygen and the reduced form 
of nicotinamide adenine dinucleotide phosphate (NADPHg) 
or nicotinamide adenine dinucleotide (NADHg), and these 
reactions can be regarded as an oxidation of the substrate 
by (OH) as Brodie et al. (1958a) have pointed out. 
It is generally held that the number of microsomal 
oxidation enzymes is relatively small and that they are 
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unusually nonspecific (Murphy and DuBois 1957, Brodie et 
al. 1958a). However, only foreign compounds appear to be 
oxidized, with the exception of some steroid hydroxylatlons 
(King I96I). In this connection, G-audette and Brodie (1959) 
carried out an Interesting experiment, in which they com­
pared the microsomal dealkylation of N-alkylamines. Only 
foreign compounds with high (more than 0.95) chloroform/ 
water partition coefficients at pH 7.4 were dealkylated, 
and more water soluble compounds, whether foreign or natu­
ral, were not metabolized. The authors considered that 
the microsomal enzyme systems are protected by a lipoid 
barrier or the active sites on the microsomal enzymes can 
interact only with non-polar substances« 
Evidence has been presented to indicate that more 
than one enzyme system is present for catalyzing one type 
of oxidation. For example, Gaudette and Brodie (1959) 
showed that the rates of dealkylation of N-alkyl deriva­
tives of 4-aminoantipyrine varied with the different sub­
stituent alkyl groups, but such was not the case with N-
alkyl derivatives of aniline. It was also shown that SKF 
525-A (^-diethylamlnoethyl diphenylpropylacetate) at 10"^ 
M inhibited dealkylation of N-methyl derivatives but not 
that of N-ethyl or N-butyl homologues. Stereospecificity 
has been noted by Axelrod (1955), who found that a rabbit 
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liver preparation dealkylated levo isomers of amphetamine 
and ephedrine more readily than dextro isomers. 
Solubilization of microsomal oxidation enzymes has 
been attempted by many workers. All attempts to solubllize 
organophosphate activation enzymes have failed (O'Brien 
I960). Conney et al. (1957) reported partial solubiliza­
tion of the microsomal demethylase activity by deoxycholate 
treatment. Imai and Sato (i960) announced a nearly com­
plete solubilization, using heat-treated snake venom, of 
the aniline hydroxylating system of rabbit liver microsomes. 
Posner et al. (1961a) could not solubllize hydroxylating 
enzymes but obtained enzymatically active microsomal frag­
ments by sonic disintegration. Apparent solubilization of 
acetanilide hydroxylase by lipase treatment (Krisch and 
Staudinger I96I) turned out to be an artifact (Krisch et 
al. 1964). Ho further studies have been reported with 
solubilized microsomal enzymes. Imai and Sato's results 
have not been confirmed, although their technique has been 
applied successfully to a different type of microsomal 
enzyme, glucuronyl transferase (Isselbacher et al. 1962). 
Activation of Organophosphates and Other Oxidations 
of Insecticides by Insect Microsomes 
The topic of organophosphate activation in general 
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has been thoroughly reviewed (O'Brien i960, Fenwlck 1961). 
Activation includes various types of oxidative conversions 
of organophosphate insecticides into potent cholinesterase 
inhibitors. Examples are included In Table 1. Activation 
of organophosphates by microsomes was originally shown by 
Davison (1954, 1955) with rat liver preparations. However, 
demonstration of activation by subcellular fractions of 
insect tissues was not successful until Fenwlck (1958a) 
showed that NADPHg, but not NADHg, was needed for the 
activation of schradan (see Table 1) and dimefox (bis(dlm-
ethylamlno) fluorophosphine oxide) by a particulate frac­
tion of fat bodies of the locust, Schlstocerca ^regaria 
Forskal. He also presented biochemical evidence that locust 
fat bodies yield two subcellular fractions, one similar to 
mitochondria and the other to microsomes of mammalian liver 
(Fenwlck 1958b). His microsomal preparation contained 84$ 
of schradan oxidation enzymes and 20$ of cytochrome oxidase 
and the mitochondrial fraction contained 16$ and 80$ of 
these respective enzymes. The supernatant fraction con­
tained none of these activities.. Activation of Guthion was 
effected by subcellular fractions of fat bodies of the 
American cockroach, Perlplaneta americana, with NADPHg as 
the cofactor (Nakatsugawa and Dahm 1962). NADHg, NADP, and 
NAD also had some activity when used with homogenates. 
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Fukaml and Shiahido (1963) reported that NADP, but not NAD, 
was an effective cofactor of parathlon activation with 
"microsomes" from whole homogenates of the rice stem borer, 
Chllo suppressalis (Walker). The authors left unanswered 
the question of whether NADPHg or NADP was essential to the 
activation. 
Other Insecticides are also oxidized by Insect "micro­
somes," although evidence is lacking to justify identifica­
tion of the subcellular fraction as microsomes. Agosin et 
al. (1961) studied the hydroxylatlon of DDT to a product 
similar to Kelthane (Table 1) by a NADPHg-mlcrosome system 
of Blattella germanlca (Linnaeus). NADP, NADHg, or NAD 
were not effective. The enzyme system was incubated at 
37°C. for 120 minutes, and the authors found an optimum pH 
of 8.5 to 8.8. Enzyme activity was lost after storage at 
2°C. for 48 to 72 hours. Relative activities among subcellu­
lar fractions were 19 : 15 : 45 : 0 for.nuclei, mitochondria, 
microsomes and soluble fractions, respectively. 
According to Dorough et al. (1963) homogenates of ab­
domens of house flies, Musca domestlca Linnaeus, fortified 
with NADPHg metabolized Sevin (naphthyl N-methylcarbamate) 
presumably through hydroxylatlon by microsomal enzymes. 
Arias and Terrlere (1962) reported hydroxylatlon of naph-
thalene-l-C^ to non-volatile metabolites by microsomes 
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from a DDT-resistant strain of house flies. l:2-dihydro-
1:2-dihydroxy naphthalene accounted for at least 75$ of 
the metabolites (Table 1). The microsomes required NADPHg 
as the cofactor and the optimum pH for a 30-minute reaction 
at 37°C. was 7.8 to 8.0. Cofactor requirement was high for 
older adults and low for larvae, pupae and 1-day-old adults. 
The soluble fraction also had some activity. Activity of 
mitochondria was not mentioned. A non-linear relationship 
between enzyme activity and concentration was reported. 
The metabolism proceeded for about 30 minutes and then lev­
eled off. Enzymatic activity of washed microsomes decreased 
on storage at 1°C., 96$ being lost in 8 days. 
Inhibition of Microsomal Oxidations 
Microsomal oxidation enzymes are inhibited by many com­
pounds of low toxicity. Suggestions have been made that 
insecticide synergists may act in this way (Sun and Johnson 
i960). Using rat liver microsomes* Dahm _et al. (1962) found 
that insecticide synergists as well as 5KF 525-A inhibited 
the activation of methyl parathlon and other organophosphates. 
SKF 525-A produced in vivo effects in insects similar to 
those of Insecticide synergists (Hewlett et al. 1961). When 
applied to the house fly, plperonyl butoxide and the free 
base form of SKF 525-A acted as synergists of pyrethrins and 
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antagonists of malathion, presumably by depressing oxida­
tive metabolism. 
Probably SKF 525-A is the most studied of the non­
selective microsomal inhibitors and it is known to prolong 
the action of various drugs in mammals (Brodie et al. 1958b). 
Despite the large number of reports, however, its mechanism 
of inhibition is relatively obscure. La Du et al. (1953) 
reported that the percentage inhibition of dealkylation of 
amlnopyrine by SKF 525-A was unchanged by varying the sub­
strate concentration, which suggested noncompetitive inhibi­
tion. Netter (i960) obtained the same result with O-dem-
ethylation of o-nitroanisole, and proposed a hypothesis 
that the compound inhibits microsomal oxidations by uncoup­
ling NADPH2 oxidation from the hydroxylatlon system which is 
presumably common to the microsomal enzymes (Netter 1961). 
Reversibility of inhibition was not checked In either of 
the studies mentioned above. Dixon and Fouts (1962) re­
ported noncompetitive inhibition of microsomal oxidation 
of acetanilide and hexobarbital by chloramphenicol. Their 
dialysis experiment indicated an irreversible inhibition, 
although no details were given. Their double reciprocal 
plot showed a large fluctuation and did not seem to support 
their conclusion. The data could also be interpreted as 
competitive inhibition. Similar studies have not been done 
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with Insecticide synergists. 
Non-enzymatic Model Reactions and Mechanism 
of Microsomal Oxidations 
The model system of Udenfriend et al. (1954) effects 
a number of oxidative reactions similar to those which are 
catalyzed by microsomal enzymes. The system usually con­
sists of Fe(II) or Fe(III), ethylenediamlnetetraacetic 
acid (EDTA) and ascorbic acid. Difficulties in studying 
the mechanism of microsomal oxidations caused many workers 
to turn their attention to the model system. There are good 
similarities between the enzymatic and non-enzymatic systems. 
In addition to their common requirements for oxygen and a 
reducing agent, both systems incorporate molecular oxygen 
-1 Q 
into the substrate as shown by experiments using 0 (Posner 
et al. 1961b, Mason and Onoprienko 1956). 
Brodie et al. (1954) suggested that the hydroxy1 cation 
(H0+) was the oxidizing agent since the hydroxylatlon always 
occurred at positions of high electron density. Mason 
(1958) expressed a similar view that the hydroxylating 
Intermediate is a cation containing oxygen derived from the 
atmosphere. It was suggested that EDTA-Fe(II)-Og or EDTA-
Fe(Il)-0 might be the intermediate. Acheson and Hazelwood 
(i960) discounted the formation of H0+ on the ground that 
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It is unlikely to occur at pH 6-7 and that electrophilic 
substitution of highly deactivated aromatic rings requires 
very vigorous anhydrous conditions. By examining the prod­
ucts of aromatic hydroxylatlon and by polymerization experi­
ments they concluded that the hydroxylatlon involved hemo­
lytic substitution by a free radical produced from ascorbic . 
acid. 
Although the model system was initially used for the 
study of hydroxylatlon, it activates organophoaphorus insec­
ticides also. Fenwlck (1958a) reported the activation of 
schradan by this system. Ascorbate was not necessary and 
in its absence Fe(lll), Co(II) or Cu(II) could not replace 
Fe(II). However, Green £t al. (1963) considered that Fe(IH) 
was the essential form for the model hydroxylatlon of aro­
matic compounds. Parathlon was also activated by the model 
system (Knaak et al. 1962). The product was Identified as 
paraoxon by co-chromatography with an authentic sample. 
Parathlon was degraded more than paraoxon by the system. 
Nothing is known about the mechanism of microsomal 
oxidations, although some hypotheses have been presented 
concerning the role of the reduced cofactor. An obvious 
possibility is that the cofactor is required for the pro­
duction of hydrogen peroxide, which In turn oxidizes the 
substrate (Gillette et al. 1957). However, experiments 
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have failed to support this view. For example, in the aro­
matic hydroxylatlon by rabbit liver microsomes, hydrogen 
peroxide could not replace the NADP reducing system, nor 
was catalase inhibitory to the microsomal hydroxylatlon 
(Posner et al. 196lb). It was considered possible, however, 
that hydrogen peroxide or another type of peroxide, generated 
within the microsomes, might be Involved in the reaction. 
O'Brien (1957) proposed a scheme for schradan activation 
which implied the participation of hydrogen peroxide and 
catalase. It was based on the demonstration of activation 
in the presence of mouse liver microsomes plus large amounts 
of catalase and hydrogen peroxide. This hypothesis, however, 
has been regarded as an unlikely possibility (Fenwlck 1961). 
For schradan activation Fenwlck (1958a, 1961) adopted 
the mechanisms proposed by Mason (1957) for drug-oxidizing 
enzymes. These presuppose the participation of iron or 
another metal. The schemes are shown below, where E is the 
enzyme, M the metal, AH the substrate, and (n) or (n + 1) 
the charge of the metal ion. 
EM + Og ————^ EMOg 
EMOg + AH ————EMO + AOH 
EMO + NADPHg > EM + NADP + HgO 
Or alternatively, 
EM g ( n ) + O2 ————y* EM2 (n ) Og 
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EMg (n)Og + AH EMg(n + 1) + AOH + 0 
EM2(n + 1) + NADPHg > EMg(n) + NADP + 2H+ 
The peroxide theory could also be interpreted In somewhat 
similar terms : 
EFe(II) + Og > EFe(II)Og 
EFe(II)0g + NADPHg ——^ EFe(II)HgOg + NADP 
EFe (II )HgOg + AH > EFe (II) + AOH + H^O 
Fenwlck (1958a) was unsuccessful in his attempts to 
demonstrate the participation of a metal in schradan oxida­
tion by enzymes of locust fat bodies. Later Fenwlck (1961) 
observed that the enzymes were inhibited reversibly by car­
bon monoxide, but the inhibition was not reversed by light, 
indicating that the metal, if present, was not iron. He 
pointed out that the microsomal cyanide-insensitive cyto­
chrome (cytochrome b^) does not form a carbon monoxide 
complex, although it could be involved in the reaction. 
There are pieces of evidence that might have relevance 
to the mechanism of microsomal oxidations. Imai and Sato 
(1959) found that a llpid-llke component indispensable for 
aniline hydroxylase activity was extracted from rabbit 
liver microsomes with acetone-methanol-ether. The solvent-
treated microsomes could catalyze the reaction on addition 
of the extract. Huit in (1957., i960) found that c1^" was 
bound to rat liver microsomes when microsomes were incubated 
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with azocarcinogens in the presence of reduced coenzymes. 
The binding was suppressed by sulfhydryl compounds such 
as cysteine and glutathione. He concluded that reactive 
intermediates, probably free radicals, formed by the micro­
somes are responsible for the isotope binding. 
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MATERIALS AND METHODS 
Organophosphates, Synergists and Cofactors 
Parathlon (0,0-diethyl 0-£-nitrophenylphosphorothioate) 
(M.W. 291.3) was purified from technical samples (obtained 
from the Nutritional Biochemicals Corp., Cleveland, Ohio 
and the American Cyanamid Co., Princeton, N. J.) primarily 
to remove all traces of anticholinesterase impurities. 
Preliminary purification was done according to the method 
of Edwards and Hall (19^9). The chemical was washed with 
Skellysolve A, dissolved in ether, washed with 10% Na^CO^, 
dried over anhydrous Na^SO^, passed through a column of 
Attapulgus clay and Hyflo Super-Cel (2:1), and the ether 
was removed by evaporation. The partially purified sample 
was dissolved in absolute ethanol and crystals were obtained 
by cooling with a dry ice-acetone mixture. Further purifi­
cation was accomplished either by repeated crystallization 
(5 to 7 times) from absolute ethanol at about -15°C, or by 
silica gel column chromatography with chloroform as eluent. 
Purified paraoxon (0,0-diethyl 0-£-nitrophenylphophate) 
(M.W. 275.2) was obtained from the American Cyanamid Go, 
The organophosphates were stored at approximately -15°C. 
The following synergists were obtained from the sources 
indicated. SKF 525-A (/5-dimethylaminoethyl diphenylpropylace-
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tate hydrochloride) (M.W. 390.0) (Smith Kline & French 
Laboratories, Philadelphia, Pa.); DDT antiresistant (N,N-
di-n-butyl-]D-chlorobenzene sulfonamide ; hereafter referred 
to as antiresistant compound) (M.W. 303.9), recrystallized 
from ethanol (S. B. Penick & Co., New York 8, N. Y.); 
piperonyl butoxide ((X-(2-(2-butoxyethoxy) ethoxy)-4,5~ 
methylenedioxy-2-propyltoluene) (M.W. 338.4) (Food Machin­
ery & Chemical Corp., Fairfield Chemicals, New York 17, 
N. Y.); propyl isome (di-n-propyl-3-methyl-6,7-methylene-
dipxy-1,2,3,4-tetrahydronaphthalene-1,2-dlcarboxylate) (M.W. 
362.4) (S. B. Penick & Co.); sulfoxide (1,2-methylenedioxy-
4-(2-(octylsulfinyl)propyl)benzene) (M.W. 324.5) (S. B. 
Penick & Co.); sesamex (2-(3,4-methylenedioxyphenoxy)-3, 
6,9-trioxaundecane) (M.W. 298.3) (Shulton, Inc., New York 20, 
N. Y.); MGK 264 (N-(2-ethylhexyl)-bicyclo(2.2.1)-hept-5-ene-
2,3-dicaroximlde) (M.W. 275.4) (McLaughlin Gormley King Co., 
Minneapolis 14, Minn.). 
The organophosphates and synergists listed above, 
except SKF 525-A, were dissolved at 10"" ^M In absolute 
ethanol containing 1% Triton X-100 (obtained from the Rohm 
and Haas Co., Philadelphia, Pa.). Aqueous dilutions of these 
stock solutions were used for experiments. The solution 
of SKF 525-A was prepared by dissolving the compound in 
distilled water. 
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NADPHg (reduced nicotinamide adenine dinucleotide 
phosphate) and NADHg (reduced nicotinamide adenine dinucleo­
tide) were obtained from the Sigma Chemical Co., St. Louis 
18, Mo. Oxidized forms of these cofactors were purchased 
from the Pabst Laboratories, Milwaukee 5, Wise. Tetrahydro-
folic acid was obtained from the Nutritional Biochemicals 
Corp. 
Preparation of Homogenates and Subcellular Fractions 
Three to four-month-old female American cockroaches, 
Periplaneta amerlcana, from a laboratory culture were 
generally used. Cockroaches submerged in insect Ringer 
solution were dissected under a binocular dissection micro­
scope and fat bodies were collected after removing ovaries 
and as much tracheae and Malpighian tubules as possible. 
The fat bodies were placed on an aluminum pan on crushed 
ice. Excess Ringer solution was removed by putting the 
tissue on filter paper and the wet weight of the tissue was 
measured. The insect Ringer solution was a modified Thornsen's 
solution (pH 7.1) (Thornsen 1952); 7.5 gm. of NaCl, 0.35 gm. 
of KC1 and 0.21 gm. of CaClg were dissolved in 2x10""-% 
phosphate buffer to make one liter. 
A 10/â homogenate was prepared in buffered sucrose 
solution which contained 0.25M sucrose and 0.01M phosphate 
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buffer, pH 7.4. Fat bodies were homogenized In an Ice-
cold glass homogenlzer with a Teflon pestle, and filtered 
through a cotton plug into a cooled centrifuge tube. This 
cell-free homogenate was centrifuged at 800xg for 5 minutes 
at room temperature (approximately 23°C ). The precipitate 
was designated F-l fraction. The supernatant solution was 
carefully pipetted off and centrifuged at 8,000xg for 8 
minutes, to sediment an F-2 fraction. The supernatant solu­
tion was carefully separated and centrifuged at 127,000xg 
for 30 minutes. The precipitate is referred to as the F-3 
fraction and the supernatant as the soluble fraction. The 
last two centrifugations were done in a Splnco centrifuge 
(Model L) at about 5°C. When each precipitate was resus-
pended in buffered sucrose and diluted to the volume of the 
suspension before centrifugation, the resulting suspension 
was termed a 10/i suspension; when the precipitate was re-
suspended in half the volume the suspension was termed a 
20^ suspension and so on. All concentrations of enzyme 
sources referred to in the text are those of suspensions 
before addition to the incubation mixtures. 
Manometric Anticholinesterase Assay 
The amount of paraoxon in a sample was estimated by 
determining the degree of inhibition of cholinesterase as 
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assayed manometrieally using a Warburg apparatus. In 
principle, this procedure gives the amount of carbon 
dioxide evolved from a bicarbonate-carbon dioxide buffer 
system by acetic acid, which is a product of hydrolysis of 
acetylcholine by cholinesterase. 
Manometry was carried out with controlled timing for 
each step. Curtains in the laboratory were drawn to pre­
vent sunlight from activating the parathlon. In the side 
arm of each manometric flask was placed 0.3 ml. of 0.1M 
acetylcholine iodide. The other components were pipetted 
into the main compartment in the following order: 0.5 ml. 
of the sample, 1 ml. of cholinesterase and 1.2 ml. of 
bicarbonate Ringer solution. Manometers were transferred 
to the 37°G water bath at 20 minutes after mixing of cholin­
esterase with the samples. The flasks were then flushed 
with a 5> COg-95^ N2 mixture for 5 minutes and the venting 
tubes were closed. The acetylcholine iodide was tipped in 
at 50 minutes. Readings were taken over a 40-minute period 
starting from 10 minutes after tipping. Duplicate control 
samples, without inhibitor, and two other samples or blanks, 
one a control less acetylcholine and the other a control 
less cholinesterase, were always included. Experimental sam­
ples were usually assayed in duplicate. The average of the 
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two blank values was subtracted from the other values and 
the per cent Inhibition of cholinesterase was calculated. 
When a sample gave an inhibition of higher than 90$, the 
assay was repeated with a diluted sample. One liter of the 
bicarbonate Ringer solution contained 8.768 ga. of NaCl, 
3.133 gm. of MgClg-ôHgO and 3.150 gm. of NaHCOj. Carbon 
dioxide was bubbled through this solution to adjust the pH 
to approximately 7. 
Cholinesterase was prepared from heads of house flies, 
Musca domestlca. Approximately four-day-old house flies 
were frozen at -15°C. and shaken vigorously in a carton to 
break heads and appendages off the bodies. The heads were 
separated and a 1 Cf0 homogenate of the heads in distilled 
water was prepared by first grinding in an Omnl-mlxer, and 
then homogenizing in a glass homogenizer with a Teflon pestle. 
The homogenate was strained through four layers of cheese 
cloth and centrifuged at approximately 2,500 xg for 10 min­
utes . The supernatant was filtered through a cotton plug 
and centrifuged at 105,000 xg for oO minutes at about 5°C. 
in a opinco centrifuge (Model L). The pellets were col­
lected, dried in vacuo over silica gel, ground with an 
agate mortar and pestle and the powder was washed with 
acetone. About 2.3 gm. of dry powder were obtained from 
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100 gm. of fresh fly heads. A 5 nig. aliquot was suspended 
In 18 ml. of distilled water shortly before use, homogenized, 
and filtered through a cotton plug to remove any large pieces 
that might have escaped homogenization. This suspension was 
used as the source of cholinesterase. 
Determination of Cytochrome Oxidase Activity 
Assays of cytochrome oxidase activities were made mano-
metrlcally at 30°C. according to Potter (1957). Minor 
modifications were made to accommodate larger volumes of 
enzyme preparations. The contents of manometric flasks were 
0.2 ml. of 30$ KOH in the center well, 1.0 ml. of a fat body 
enzyme preparation or 0.5 ml. of enzyme plus 0.5 ml. of buf­
fered sucrose, and 1.8 ml. of a cytochrome c solution in the 
main compartment. The cytochrome c solution (28 ml») was 
prepared by mixing 7.5 ml. of 0.1M phosphate buffer, pH 7.4, 
7.5 ml. of 4.8xl0""%4 cytochrome c In the phosphate buffer, 
4.5 ml. of 0.114M sodium ascorbate, 0.45 ml. of 0.0% AlCl^ 
and 7.05 ml. of distilled water. After equilibrating at 
30°C. for 10 minutes, oxygen uptake was recorded over a 30-
mlnute period. Difference between oxygen uptake by 1 ml. 
of enzyme and that by 0.5 ml. of enzyme was multiplied by 
2 to give oxygen uptake / ml. enzyme / 30 minutes. 
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Colorimetric Estimation of SKF 525-A 
The methyl orange method of Brodie and Udenfriegd 
(1945) was used. According to the authors, many organic 
bases form molecular complexes with certain sulfonic acids 
such as methyl orange. The complex which is highly soluble 
in organic solvents is separated by extraction from uncom-
plexed sulfonic acid and the concentration of the base is 
determined indirectly through measurement of the concentra­
tion of the complexed sulfonic acid. 
To 2.5 ml. of a sample were added 0.5 ml. of IN NaOH 
and 10 ml. of ethylene dichloride and the mixture was shaken. 
After centrlfugation, 8 ml. of the organic layer were trans­
ferred to another tube and mixed with 0.2 ml. of a saturated 
methyl orange solution in 0.5M boric acid. The mixture was 
centrifuged and 5 ml. of the organic layer were separated, 
mixed with 0.5 ml. of alcoholic HgSO^ (2 ml. of concentrated 
HgSO^ In 100 ml. of absolute ethanol), and the optical den­
sity of the solution was determined at 540 nyi. Appropriate 
standards and a blank were run simultaneously. 
Activation and Degradation Studies with Cockroach Enzymes 
Activation of parathlon and degradation of paraoxon 
were carried out in test tubes (25 mm. in diameter) for 30 
minutes at room temperature (approximately 23°C.) unless 
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otherwise noted. A standard activation mixture consisted 
of 0.5 ml. of fat body enzyme source and the following com­
pounds at final concentrations indicated to make a total 
volume of 2.0 ml.: parathion (2.5x10"%), NADPHg (3xl0~^M), 
nicotinamide (0.0114), KC1 (0.15M), Na-HPO^ (SxlO'^M) and 
KHgPO^ (2x10"%). For degradation studies parathion was 
replaced with paraoxon (2.5x10""%) and NADPHg was omitted. 
Each reaction was stopped by heating the tube in a boiling-
water bath for 30 seconds with rapid swirling of the con­
tents. When extraction of the sample was necessary, the 
reactions were carried out in centrifuge tubes, of about 
the same diameter as the test tubes, which could be sealed 
with a Teflon-lined cap. The reaction was stopped by adding 
0.5 ml. of 2N HCl and the sample was extracted twice with 
4 ml. of n-hexane. The n-hexane extracts were combined and 
evaporated with the help of a fan. The residues were dis­
solved in 2 ml. of distilled water for anticholinesterase 
assay. 
Non-enzymatic Model Reaction 
The standard reaction system was a mixture of 0.5 ml. 
of each of the following: 10~^M or 10"% parathion, 0.1M 
sodium ascorbate, 2.5x10"% FeSO^, 0.05M EDTA (ethylene-
diamine te traace tic acid) and 0.1M sodium acetate. The re-
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action was started by addition of FeSO^ solution and after 
a reaction period (usually 10 minutes) extraction was made 
with 5 ml. of chloroform. Four milliliters of chloroform 
were transferred to another vial and evaporated. The resi­
dues were dissolved in 2 ml. of distilled water and assayed 
for anticholinesterase activity. Complete recovery of para-
ox on was obtained when chloroform solutions containing au­
thentic paraoxon were processed as above. 
Identification of the Anticholinesterase Metabolite 
To obtain evidence that paraoxon was indeed the anti­
cholinesterase metabolite, a reaction mixture containing 
the metabolite was extracted twice with equal volumes of 
either ether or n-hexane. The combined extracts were evapo­
rated, and the residues were dissolved In a small amount of 
acetone and spotted on a silica gel GF plate for thin layer 
chromatography. Authentic samples of parathion and paraoxon 
were spotted on the side of the same plate since R^ values 
varied with the moisture content of the silica gel. The 
chromatogram was developed with n-hexane: ethylacetate (2:1) 
for about 30 minutes. Spots of authentic samples were de­
tected under ultraviolet light; the area containing the sam­
ple was covered with aluminum foil to avoid photochemical 
reactions. Sections of the silica gel layer were scraped 
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off, packed in small sections of glass tubing with glass-
wool plugs, and eluted with absolute methanol. After 
evaporation of the solvent, the residues were dissolved 
in distilled water for anticholinesterase assay. 
For infrared spectroscopy the final eluates were 
evaporated in Teflon vials and the residues were dissolved 
in spectroscopy grade carbon tetrachloride and the spectra 
were taken with micro-sample adaptors on a Beckman IR-5 
Infrared Spectrophotometer. 
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RESULTS AND DISCUSSION 
Quantitative Determination of Paraoxon 
Measurement of cholinesterase inhibition is a conven­
ient way to make quantitative determinations of small amounts 
of paraoxon. The inhibition is irreversible and is caused 
by the phosphorylation of chollnesterase by the organophos-
phate. The rate of this bimolecular reaction is greatly 
depressed in the presence of acetylcholine, the natural 
substrate of cholinesterase. Therefore, temperature and 
time for incubation of cholinesterase and the sample, before 
addition of the substrate, are important in determining the 
degree of the inhibition. Consideration of these properties, 
which are discussed in detail by O'Brien (i960), led to 
the refinement of the manometric procedure as described in 
the Materials and Methods section. With this procedure the 
rate of phosphorylation was such that one minute's delay in 
tipping caused an increase of about 1% in the cholinesterase 
O 
inhibition when 3x10" M paraoxon was used. 
At first, purified parathion at 10"% gave very er­
ratic cholinesterase inhibitions ranging from almost zero 
to 100$. Sunlight, even though It was Indirect light, was 
found to be responsible for this trouble. When window 
curtains were pulled down to reduce the sunlight, Inhibition 
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values were always lower than 10$, and often no Inhibition 
was observed. Therefore, all experiments were done avoiding 
sunlight. The highest concentration of parathion used in 
experiments (5xlO~^M) gave no inhibition under these condi­
tions. Although no effort was made to study the nature of 
the light activation, it may be due to the formation of an 
3-ethyl Isomer of parathion or paraoxon, or both (O'Brien 
I960, Hopkins and Knapp 1963). 
The desiccated cholinesterase powder preparation could 
be stored for at least 10 months at about 8°c. without 
change in the enzyme activity and sensitivity towards para­
oxon. When suspended in distilled water, however, the en­
zyme was not as stable as crude preparations. Therefore, 
fresh suspensions were made each day. 
A standard cholinesterase inhibition curve for para­
oxon is given In Figure 1 with standard deviations indicated. 
This curve was used to calculate the concentration of para­
oxon in the incubation mixture throughout the study. The 
assay was not affected by the components of the activation 
mixture other than paraoxon. 
Activation of Parathion by Fat Body Enzymes 
Since constant enzyme sources were desired, variations 
of enzyme activities were checked. A procedure was worked 
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out to obtain a subcellular fraction rich In activation 
enzymes. Identification of the metabolite was also 
attempted. 
Variation of activation capacity with the age of cockroaches 
Homogenates of fat bodies activated parathion and a 
great increase in activity was noted on addition of NADPH 
(lCT^M). However, considerable variations in the activation 
capacity were observed from preparation to preparation. 
The age of the cockroaches was found to be the main factor 
responsible for this fluctuation. A systematic study indi­
cated that the activation capacity of fat body homogenates 
from adults increases with age, up to about 3 months of age. 
Five per cent homogenates of fat bodies from late instar 
nymphs showed no measurable activity in the presence of 2.5x 
10"6M parathion and 10" NADPH^. 
Subcellular fractionation 
Homogenates of fat bodies were fractioned by differen­
tial centrifugation, and the activities of parathion activa­
tion enzymes and cytochrome oxidase were estimated for each 
fraction. Cytochrome oxidase was chosen as a biochemical 
criterion for the presence or absence of mitochondria in 
the fractions. The results given in Table 2 show that cyto­
chrome oxidase is primarily present in the F-2 fraction and 
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the activation enzymes in the F-3 fraction. This indicates 
that fat body homogenates yield two fractions which are 
similar to mitochondria and microsomes of mammalian liver. 
Although many variations of centrifugal force and time were 
tried, none gave clear separations of cytochrome oxidase 
and the activation enzymes. A moderately high centrifugatlon 
(l,500xg for 10 minutes) sedlmented all cytochrome oxidase, 
but it also brought down a large portion of the activation 
enzymes. A few experiments indicated that centrifugatlon 
at 40,000 to 50,000xg for 30 minutes might be enough to 
sediment all activation enzymes. The procedure described 
in the Materials and Methods section was employed as a com­
promise. Whole homogenates, which were not centrifuged, 
always gave a lower activation (50$ or less) than the sum 
of the activities of individual fractions. Other experiments 
showed that a mixture of F-l and F-3 fractions had a lower 
activity than the F-3 fraction alone. This suggested that 
the F-l fraction contained a factor which interfered with 
the activation. 
Identification of anticholinesterase metabolite 
The cholinesterase inhibition curve of the anticholin­
esterase metabolite should have the same slope as that of 
paraoxon if the metabolite is paraoxon. This was the case 
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with, the activation mixture containing F-3 fraction as the 
enzyme source. The inhibition curve prepared by a step­
wise dilution of the sample overlapped the standard curve 
for paraoxon. 
The metabolite behaved like paraoxon chromatographically. 
Four milliliters of a standard activation mixture, incubated 
for 3 hours, were extracted with n-hexane and the extract 
was chromatographed as described under Materials and Methods. 
Only a spot with the same R^ value (0.11) as paraoxon con­
tained anticholinesterase activity. Recovery of the active 
metabolite from the spot was 26$ based on paraoxon standard. 
Nature of Activation Enzymes 
The basic nature of the activation enzymes was studied 
using the F-3 fraction. 
Stability of the activation enzymes 
Various factors were studied in connection with the 
stability of the activation enzymes. 
pH One half milliliter samples of 10$ F-3 fraction 
were incubated for various periods with an equal volume of 
a 5x10"-^M phosphate buffer (for pH values from 5.9 to 7.1) 
or borax-KHgPO^ buffer (for pH values from 7.7 to 8.3) and 
the pH of the mixture was recorded. The 1-ml. solution con­
taining NADPHg (2x10™5m), nicotinamide (0.02M), parathion 
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(5xlO"^M) and phosphate buffer pH 7.4 (0.031) was added to 
the mixture and the combination was Incubated for 30 minutes. 
The low concentrations of buffers used in the initial incuba­
tion minimized pH variations after addition of pH 7.4 buffer 
for activation. Figure 2 shows that the enzymes were most 
stable at approximately pH 7. 
Shaking Parathion was activated by a 5$, F-3 frac­
tion for 30 minutes with vigorous shaking. Only 52$ of 
paraoxon was formed as compared with another sample which 
was shaken very gently. Vigorous shaking of the enzymes for 
30 minutes prior to mixing with substrate and cofactor re­
sulted in the loss of 70$ of the activity. A vigorously 
shaken F-3 sample was no longer a homogeneous milky suspen­
sion; small particles were visible probably as a result of 
denaturation of the enzyme. 
Freezing The F-3 fraction could be stored at about 
-15°C for 3 weeks without significant loss of activity. 
Freezing and thawing in a dry Ice bath 5 to 10 times did 
not change the activation capacity of the preparation. 
Preventing the loss of paraoxon 
_o 
Incubation of 5x10" M paraoxon with a 10$, F-3 frac­
tion for 30 minutes resulted in loss of paraoxon which 
ranged from 10 to 50$. Since quantitative data on paraoxon 
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production were necessary for inhibitor studies, the loss 
of paraoxon by the enzyme preparation had to be prevented. 
Preheating the enzyme source for 30 seconds prevented this 
loss, which indicated enzymatic degradation of paraoxon. 
However, time course studies revealed that most of the loss 
occurred within 10 minutes after incubation was begun and 
further incubation had little effect (Figure 3). This 
suggested that most of the loss of paraoxon was not caused 
by hydrolytlc enzymes but was due to the phosphorylation of 
some amino acid residues on the enzyme proteins. If such 
phosphorylation is not harmful to the activation enzymes, 
pretreatment of the F-3 fraction with paraoxon to block the 
reactive sites should prevent the loss of paraoxon during 
activation of parathion. A 20$ F-3 fraction was mixed with 
an equal volume of 2x10" paraoxon in buffered sucrose and 
let stand for 15 minutes at room temperature. The mixture 
was centrifuged at 127,000xg for 30 minutes. The pellet was 
resuspended and recentrifuged to wash away any residual para­
oxon. The F-3 fraction thus treated was completely inert 
towards paraoxon (Figure 3) and the activation capacity was 
not affected by the treatment. The treated material itself 
did not inhibit the cholinesterase. 
A more convenient way of preparing the treated F-3 
fraction was to add one volume of 10"% paraoxon to one 
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hundred volumes of the supernatant of the F-2 fraction, let 
the mixture stand for 15 minutes and centrifuge to obtain 
an F-3 fraction. The pellet was then washed as described 
above. 
pH, enzyme concentration and time course 
pH Figure 4 illustrates the change of parathion 
activation with pH. The borax buffer of Kolthoff and 
Vleeschhouwer (1927) was used to provide a wide range of 
pti values. The optimum pH appears to be approximately 7.5. 
However, the curve has a wide optimum range. This may be 
due to the presence of more than one enzyme system that 
catalyzes the reaction, although other explanations are also 
possible. 
Enzyme concentration The relationship between 
enzyme concentration and activity was linear up to 40$ of 
the F-3 fraction. This is consistent with the finding that 
the loss of paraoxon was not due to enzymatic degradation. 
If the loss were enzymatic, lower activities might be ob­
served at higher enzyme concentrations. 
Time course The rate of paraoxon production de­
creased sharply with time (Figure 5). Several factors which 
might be causing the decrease were: (1) Loss of paraoxon, 
(2) inhibition by paraoxon or NADP, (3) oxygen deficiency, 
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(4) instability of enzymes, (5) loss of parathion or NADPHg 
and (6) presence of an intermediate with anticholinesterase 
activity. 
Loss of paraoxon is not a likely cause of the decrease 
of activity in view of the early finding that the loss can 
be blocked by pretreatment with paraoxon. When the activa-
— 7 
tion was carried out for 30 minutes in the presence of 5x10 M 
paraoxon, production of paraoxon was the same as a control 
to which no paraoxon had been added. Therefore, paraoxon 
does not inhibit activation. Simultaneous use of NADP and 
NADPH , both at 3xlO~"^M, resulted in the same activation as 
without NADP, indicating that NADP does not inhibit the re­
action. Oxygen is probably not limiting since activation 
proceeded as rapidly without shaking. Preincubation of the 
F-3 fraction, with or without parathion, up to 3 hours prior 
to addition of NADPHg caused no decrease of activity. When 
the F-3 fraction was incubated with NADPHg for one hour 
before addition of parathion, about 20$ loss of activation 
capacity was noted. However, when a standard activation 
mixture was incubated for one hour followed by addition of 
0.1 ml. of 6x10""% NADP H g or 5xl0~^M parathion, subsequent 
activation for one hour was not different from the control 
to which 0.1 ml. of distilled water had been added. There­
35 
fore, the activation enzymes are stable and sufficient 
concentrations of substrate and cofactor are available 
after one hour's incubation. If an intermediate with anti­
cholinesterase activity is causing the apparent decrease of 
activity, a linear relationship between enzyme concentration 
and activity would not be expected. In fact, no anti­
cholinesterase other than paraoxon was found. Thus, none 
of the possibilities considered above could account for the 
decrease of activation rate. 
Effect of cofactors, oxygen and KOI 
In vitro requirements for oxygen and the reduced form 
of cofactors are characteristic of microsomal oxidation 
enzymes. Parathion activation enzymes were found to have 
the same requirements. No activation occurred in a nitrogen 
atmosphere. NADHg was 40$ to 50$ as effective as NADPHg as 
a cofactor. When both were used simultaneously, the effect 
was much less than additive (Table 3). This indicated that 
the same enzymes are utilizing both cofactors. If there are 
two types of enzymes, one taking NADPH^ and the other NADH^ 
as the cofactor, an additive effect would be expected. 
Oxidized forms of these cofactors at 10~^M had no effect, 
-4 
nor was tetrahydrofolic acid at about 2x10 M effective as 
a cofactor. 
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KC1 (0.15M) was used routinely In the Incubation mix­
ture since this salt enhanced the activation of G-uthion by 
fat body homogenates of the American cockroach (Nakatsugawa 
and Da'hm 1962). Activation was decreased about 35$ when 
KC1 was omitted. 
Inhibition of Activation 
SKF 525-A is a well-known Inhibitor of many microsomal 
oxidation enzymes in mammals. Parathion activation by the 
F-3 fraction was also inhibited by this compound. Since 
there have been reports that SKF 525-A is a noncompetitive 
inhibitor of microsomal oxidations (cf. Review of Literature), 
a study of the type of inhibition was undertaken. The F-3 
fraction, treated with paraoxon, was used for these experiments. 
When a solution containing 2.5x10""paraoxon and 
2xlO""^M SKF 525-A was assayed manometrlcally, cholinesterase 
inhibition was much lower than expected and computation with 
the standard curve showed an apparent 45$ loss of paraoxon. 
However, there was no degradation of paraoxon since the 
apparent loss did not increase with time after mixing the 
two compounds. The loss was, therefore, due to interference 
of the anticholinesterase assay by SKF 525-A. Probably, the 
compound inhibited the phosphorylation of cholinesterase 
by paraoxon. 
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It was possible to avoid this interference by sepa­
rating paraoxon from SKF 525-A by acidifying the mixture 
with HC1 and by extraction with n-hexane. However, when 
the activation mixture was acidified with trichloroacetic 
acid, a reagent commonly used to stop enzyme reactions, 
SKF 525-A in the activation mixture was extracted by n-
hexane, as revealed by colorimetric assay of the extract 
for SKF 525-A. It was likely that SKF 525-A formed a 
molecular complex with trichloroacetic acid as it does with 
sulfonic acids and was extracted by n-hexane (cf. Materials 
and Methods). Consequently, the reaction was stopped with 
HC1, which gave the desired separation. 
When activation controls, containing no enzymes, were 
extracted with n-hexane, residues remaining after evaporation 
of the n-hexane gave considerable but erratic cholinesterase 
inhibitions. Extraction of a solution containing only para­
thion gave the same result, and n-hexane itself contained 
no inhibitor. It was found that the sooner the addition 
of water after evaporation of the solvent, the less the 
cholinesterase inhibition. This Indicated that glass beakers 
catalyzed a conversion of parathion into an anticholin­
esterase compound. Teflon beakers were much better and 
were subsequently used instead of glass beakers. 
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The reversible nature of the inhibition of activation 
by SKF 525-A was indicated as follows. F-3 fractions were 
preincubated with SKF 525-A for various periods up to one 
hour. Control samples, without the inhibitor, were also 
run. Subsequent activation showed that the inhibition was 
not progressive and was instantaneous, indicating that the 
inhibition was reversible. 
With the techniques improved as described above, activa­
tion was studied at various concentrations of parathion, 
with and without SKF 525-A. Although the activation did 
not proceed linearly during the 30 minutes of the reaction, 
the values obtained were assumed to be close to initial rates. 
A Lineweaver-Burk plot (Lineweaver and Burk 1934) of the 
results showed noncompetitive inhibition (Figure 6). 
The inhibitory effects of several insecticide syner­
gists were also checked (Table 4). All compounds inhibited 
activation. The type of inhibition was studied with the 
antiresistant compound and with sesamex (Figures 7 & 8). 
Anticholinesterase assay of samples containing 10""^M anti-
resistant compound suffered slight interference, but the 
effect of this inhibitor was much less than that of SKF 525-A. 
Sesamex had no such effect. The double reciprocal plots 
showed that antiresistant compound inhibited activation 
competitively, thus differing from SKF 525-A. The results 
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with, sesamex were not conclusive, although they strongly 
indicated competitive inhibition. Reversibility of inhibi­
tion was checked with antiresistant compound as follows. 
The time course of activation was followed in the presence 
(ICT^M) and absence of antiresistant compound. Per cent 
inhibition of activation was constant (60$) up to 2 hours. 
This non-progressive pattern indicated a reversible inhibi­
tion. Another experiment proved this conclusion. A 40$ 
F-3 fraction was incubated for 15 minutes with an equal 
volume of 8xlO~^M antiresistant compound in phosphate buffer 
(pH 7.4). A portion of the mixture was then diluted 8x 
with a buffered sucrose mixture. A solution containing 
parathion, NADPH , nicotinamide and KC1 was added to the 
2 
diluted and non-diluted mixture. Final concentrations of 
standard constituents were as described in the Materials and 
Methods section. Controls without the inhibitor were also 
run. Subsequent activation showed that the inhibition 
value for the non-diluted sample was 71$, whereas that for 
the diluted one was 31$. Other controls which had 5$ F-3 
fraction and 10"^M inhibitor from the beginning of incubation 
showed an inhibition of 33$. Thus, the high inhibition could 
be reversed by dilution. 
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Non-enzymatic Model Reaction 
A non-enzymatic model system was studied since know­
ledge of this system might facilitate understanding of 
enzymatic oxidations. Because of a wide variation in the 
interpretation and details of the system as found in the 
literature, the exact role of each component in the model 
reaction was not clear. Therefore, some efforts were made 
to understand reactions between the components. 
The system does activate parathion, as Knaak _et al. 
(1962) reported. However, ascorbate was not necessary, in 
accordance with Fenwick's results (1958a) on schradan activa 
tion. Time course studies of activation and oxygen uptake 
were conducted (Figures 9 & 10). The activation was almost 
complete in 5 minutes when ascorbate was omitted, but fur­
ther activation occurred on addition of ascorbate. When 
EDTA was replaced by ascorbate, the reaction was slower and 
continued longer. Oxygen uptake, measured manometrically, 
was rapid in the first 10 minutes and negligible thereafter 
in the absence of ascorbate. Addition of ascorbate to the 
system after oxygen uptake had almost ceased resulted In an 
uptake as rapid as in the first 10 minutes of the reaction 
and this continued over 2 hours, slowing down after about 
45 minutes. These results indicated a possible lack of 
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correlation between activation of parathion and oxidation 
of the Fe(II)-EDTA complex. However, vigorous shaking 
brought the activation without ascorbate almost to comple­
tion within 2 minutes. Thus, the time course studies des­
cribed above were only qualitative. The difference in time 
course between activation and oxygen uptake was due to 
different rates of shaking. Diffusion of oxygen is probably 
the rate limiting step for both processes in the absence of 
ascorbate. 
No activation occurred in the absence of Fe(ll) or 
oxygen, nor could Fe(II) be replaced by 5x10"% Co(II), 
Mn(II), Ni(II) or Fe(III). Cu(l) and unchelated Fe(II) 
were about 25$ as effective as chelated Fe(II), all in the 
absence of ascorbate. Since Cu(I) did not dissolve well, 
the results with it were only qualitative. 
From the experiments described above, the following 
conclusions were drawn on the role of the components of the 
model system: (1) Fe(II) and oxygen are essential components, 
and oxidation of Fe(ll) parallels activation of parathion, 
(2) chelation of Fe(II) by EDTA greatly accelerates the 
rates of oxygen uptake and activation, (3) ascorbate also 
accelerates the activation, probably by forming a chelate 
with Fe(ll), and (4) the role of ascorbate in the presence 
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of Fe(II)-EDTA complex may be to keep the complex in the 
reduced state. 
The anticholinesterase product of the model activation 
was shown to be paraoxon by Infrared spectroscopy. One 
hundred milliliters of a reaction mixture (no ascorbate 
was used) were extracted with ether and the extract was 
chromatographed as described in Materials and Methods. Only 
a spot with the same value as standard paraoxon had anti­
cholinesterase activity. The spot was eluted and an in­
frared spectrum was taken. The metabolite was proven to 
be paraoxon. Recovery from the thin layer plate was 47$. 
Since the model system effects many of the reactions 
that are catalyzed by microsomal enzymes, the influence of 
insecticide synergists was studied (Table 4). Some of the 
compounds were inhibitory, presumably because they success­
fully compete with parathion for a common oxidant. 
Discussion 
Preparatory stages of this study yielded some results 
that might be important. Light activation of parathion 
makes one suspicious about the validity of reported cholin­
esterase inhibition values for phosphorothlonates. If other 
phosphorothionates are similar to parathion in this respect, 
such values would have to be determined in low light. It 
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might be that phosphorethionates have no anticholinesterase 
activity at all. Parathion up to lCf^M (1.7xlO~^M in the 
manometrlc flask) showed no inhibition of cholinesterase. 
Interference of phosphorylation by SKF 525-A might 
have some significance in vivo. It might well be true that 
this compound does not alter the toxicity of parathion be­
cause it inhibits both activation of parathion and degrada­
tion of paraoxon as O'Brien (1961) reported. However, it 
might also retard cholinesterase inhibition by paraoxon 
in the nervous system, although in vivo effects are hard 
to predict from in vitro results. If loss of paraoxon by 
the F-3 fraction is actually due to phosphorylation, SKF 
525-A might also exert its effect by influencing such a 
process in vivo. 
Among the findings on the activation enzymes in the 
F-3 fraction, those relating to the effect of inhibitors 
and the time course of the reaction need some comment. Non­
competitive inhibition of parathion activation by SKF 525-A 
Is In accord with reports on other microsomal oxidations 
(La Du et al. 1953, Netter i960). However, sesamex, another 
possible inhibitor of oxidative detoxlcatlons (Sun and Johnson 
i960), might be different in its mode of inhibition. The 
same is true for antiresistant compound. If microsomal 
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enzymes have low specificity as Murphy and DuBois (1957) 
suggested, SKF 525-A might be expected to inhibit by com­
petition, since this compound is a good substrate for 
microsomal demethylase (Gaudette and Brodie 1959). Netter 
(1961) has discussed the possibility that SKF 525-A might 
be acting as an uncoupling agent of NADPHg oxidation. It 
is worth pointing out that a noncompetitive type of inhibi­
tion could result in special cases if both uncompetitive 
and competitive inhibitions are occurring simultaneously, 
Holmes and Bentz (i960) have reported uncompetitive inhibi­
tion of SKF 525-A on biosynthesis of nonsaponifiable lipids, 
although their multi-enzyme system, makes the results difficult 
to interpret. 
Although it is not certain whether these synergists are 
metabolized by enzymes similar to those for activation, inhlbL 
tlon of the model system by them suggests that they could 
be oxidized by microsomes also. If the inhibition of the 
model system is by competitive consumption of reactive 
oxidizing species, the apparent lack of inhibition in the 
case of sesamex and SKF 525-A may be a matter of proper 
concentration. 
The rapid decrease of activation rate of the F-3 frac­
tion could not be accounted for by any of the possibilities 
considered. Since all factors, other than the enzymes, 
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were not limiting the reaction and the enzymes were stable 
when either cofactor or substrate was absent, one is led to 
think that the enzymes were inactivated by the reaction it­
self. Such a situation is, however, inconsistent with the 
assumption that the reaction is enzymatic. Indeed, the time 
course curve has some similarity'to that of the model re­
action. Although no evidence is available to draw a definite 
conclusion, the following possibilities may be stated on 
the assumption that the activation is catalyzed by the 
enzymes. A small loss of activity was noted when NADPH2 
was preincubated with the enzymes for one hour. Since the 
concentration of NADPHg used nearly saturates the enzyme, 
initial loss, if it was occurring, would not have resulted 
in a great decrease of activity, but the decrease might 
have become pronounced later. However, the fact that 
activation was linear to enzyme concentration, up to four 
times the concentration used for the time course study, 
makes the loss of cofactor or substrate an unlikely possi­
bility . 
Active intermediates, probably free radicals, may 
occur in microsomal oxidations involving the binding of 
carcinogens to microsomes and other proteins (HuitIn 1957, 
I960). Though no one has presented evidence for such a 
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possibility in case of activation reactions, similarity of 
activation enzymes to other microsomal oxidation enzymes 
might justify one to suppose the occurrence of active 
molecules in the activation reaction. If so, one could 
explain that the enzymes are inactivated by such molecules 
in vitro, but they are protected from inactivation by some 
agents In vivo. In this regard, study of fate of sulfur 
atom of parathion may have some significance. 
Tetrahydrofolic acid could not replace NADPH^ in para­
thion activation. The same has been reported in the case 
of schradan activation (Fenwick I96I). However, participa­
tion of intermediate electron carriers cannot be excluded 
since so-called microsomes still retain subcellular struc­
tural units and the activation enzymes have never been 
solubilized. Such electron carriers might become rate-
limiting during the reaction if, for example, the reduced 
form of the electron carriers is unstable In vitro, though 
such might not be very likely. One would have to determine 
whether the enzymes are actually inactivated during the 
reaction before one could explore these possibilities. 
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SUMMARY 
Parathion activation enzymes in the fat body of female 
American cockroaches, Periplaneta amerlcana (L.), were 
studied as an example of microsomal oxidation. Paraoxon, 
the activation product, was determined manometrically by 
the inhibition of cholinesterase. House fly head powder 
preparations were used as--cholinesterase sources. Since 
samples containing 10"% parathion inhibited cholinesterase, 
probably due to activation of parathion by sunlight, all 
experiments were conducted in reduced sunlight. Under these 
conditions parathion had little effect on the cholinesterase 
activity. 
Fat body homogenates activated parathion; this reaction 
was accelerated in the presence of NADFH^. The activity 
of the enzymes in the fat body increased with age, up to 
3 months of the adult stage. No activation was detected 
with preparation from late instar nymphs. Differential 
centrifugatlon of fat body homogenates yielded one sub­
cellular fraction (F-2 fraction) resembling mitochondria 
and another (F-3 fraction) resembling microsomes of the 
mammalian liver, as judged by the content of activation 
enzymes and cytochrome oxidase. The F-3 fraction converted 
parathion into paraoxon aerobically in the presence of 
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NADPHg• MDHg was less effective and the oxidized forms 
of the cofactors were without effect. Tetrahydrofolic acid 
had no cofactor activity. The activation reaction was en­
hanced by KC1. 
The enzymes were most stable at about pH 7 at 23°C . ; 
little decrease in their activity was noted within a few 
hours of incubation. The F-3 fraction degraded paraoxon. 
The loss of paraoxon was not due to enzymatic degradation, 
but probably was due to phosphorylation of proteins by 
paraoxon. Pretreatment of the F-3 fraction with paraoxon 
prevented this loss, and quantitative determination of 
activation by the fraction was possible. The optimum pH 
for the activation reaction was approximately 7.5 at 23°C. 
A linear relationship was observed between enzyme concentra­
tion and activity up to 40$ of the F-3 fraction. The rate 
of paraoxon formation declined sharply with time. Several 
factors were considered, but could not account for the 
apparent loss of activity. Possible explanations were 
discussed. 
The parathion activation was inhibited by SKF 525-A, 
DDT antiresistant, MG-K 264 and four methylenedloxyphenyl 
compounds. SKF 525-A inhibited the activation noncompeti-
tively, whereas DDT antiresistant and probably sesamex 
inhibited competitively. 
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A non-enzymatic model activation system, consisting 
of FeSC>4, EDTA and ascorbate, was also studied. Essential 
components were Fe(II) and oxygen, and parallelism was 
observed between activation and oxygen uptake. Paraoxon 
production by the model system was also inhibited by some 
of the enzyme inhibitors. 
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TABLES AND FIGURES 
Table 1. Types of the microsomal oxidation reactions. This 
table is based on a report by Brodie et al. (1955)> 
additional information was obtained from references 
cited in the text 
Type of reaction Substrate Product(s) 
Aliphatic carbon 
oxidation Pentobarbital 
(X/Nx^o 
DDT 
o ch3-
H 
C-
Cl3 
Schradan' 
Pentobarbital alcohols 
N JcC2H5 
0 G 
Keltnane 
aO -C-<% YSci h  V - v  
cl 3  
Hydro xy;n e thy 1 schradan 
g-0-R-|N(CH3)2)2 [cH5)2N)-g-0-Ç"NCCH 
ch2oh 
N-Dealkylatlon Amphetamine Phenylacetone plus 
ammonia 
6 )/-ch5ch-ch3 
^ nh2 
(J>CH2-Ç-CKs + IN'H; 
Monoethylaniline Aniline plus 
acetaldehyde 
l>[j-C2H5 (( )VNH„ + CH-CHO 
Organophosphates that are activated by microsomal 
oxidations. 
51 
A 
Table 1. (Continued) 
Type of reaction Substrate Product(s) 
O-Dealkylation Phenacetin 
CH3iïïO0C2Hs 
0 n — 
4-Kydroxyacetanilide 
plus acetaldehyde 
CH,Ç-N<f))OH + CHXHO 
° h H V- +'/ & 
o N—f 
q-Ni troani so1e o-Nltroplienol plus 
formaldehyde 
Aromatic 
Hydroxylation 
y—o 
no2 
Aniline 
H2N1 5 
yy/"QH + HCH0 
N02 
4- and 2-Hydroxy-
aniline 
H2N<f]>0H 2 oh 
Thioether 
oxidation 
Desulfuration 
Naphthalene 
Chlorpromazine 
C3HgN(CH3)2 
Parathion 
(C2H5O)2 
a 
1-Naphthol and 1:2-
dihydro-1:2-dihydrox.y-
naohthalene 
Chlorpromazine 
sulfoxide. 
1/ \ 
I 
Paraoxon 
CaH;N(CH^ 
0 
'-yN 09 (C2H5°)2 ^ -0V ~J> N0; 
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Table 2. Subcellular fractionation of 10% fat body 
homogenates of the American cockroach; average 
of two experiments; Incubation period was 30 
minutes in all determinations 
Subcellular 
Fraction 
Cytochrome 
Oxidase8, 
(jul 02 / ml.) 
Parathion 
Activation" 
(10-8%) 
Paraoxon 
Degradation 
(10"%) 
F-1 15.1 2.0 0.4 
F-2 129.5 10.1 0.8 
F-3 35.6 30.4 1.3 
Soluble 
VO 
0.8 0.3 
a0xygen uptake was determined manometrically at 30°C. 
^Concentration of paraoxon formed; each fraction was 
incubated at 23°C. 
°Decrease of paraoxon from the initial concentration 
of 2.5xlO""°M; each fraction was incubated at 23°C . 
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Table 3. Effect of cofactors; 10$ F-3 fractions were incubated 
with parathion (2.5x10"%) and cofactors (3x10"%) 
Cofactor 
Paraoxon formed (10"®M) 
0  mln. 30 mln. 60 mln. 120 mln. 
NADPHG 0.8 19.0 28.5 33.4 
nadh2 0.6 7.6 12.1 16.8 
IVADH2 plus IMADPHG 0.9 22.5 30.3 39.9 
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Table 4. Effects of Inhibitors (10~^M) on enzymatic and non-
enzymatic activations; the enzymatic incubation mixture 
contained 10% f-3 fractions ; parathion concentration was 
2.-5x10™5m for the enzymatic system and 2x10"5m for the 
non-enzymatic system. Data are averages of duplicate 
assays 
Per cent inhibition of activation 
Inhibitor Enzymatic system Non-enzymatic system 
SKF 525-A 53 7 
Antiresistant compound 58 77 
Piperonyl butoxide 67 35 
propyl isome 65 51 
Sulfoxide 79 40 
Sesamex 41 3 
MGK 264 51 12 
Figure 1. Standard cholinesterase (CHE) inhibition curve 
for paraoxon; concentration is that of the sam­
ple before addition to the manometric flask; 
standard deviation at each point was calculated 
from 7 determinations. Percentage (p) is ex­
pressed as the function of ordinate (t) as : 
f t  - X *  
aj2ll 
56 
95 
90 
LU 
80 
2 60 
K 
m so 
— 40 
OC 20 
IXI0"7 IXI0"8 
MOLAR CONCENTRATION (LOG SCALE) 
Figure 2. Relationship between stability of parathion 
activation enzymes and pH at 23°C.; the enzymes 
were prelncubated at the pH values indicated 
for 9 and 14 hours before they were used for 
activation; ordinate is the per cent enzyme 
activity that remained after the two time periods. 
Figure 3. Loss of paraoxon by the F-3 fraction and its 
prevention by pretreatment with paraoxon; both 
treated and non-treated F-3 fractions were 
washed once ; one of the two sets of data 
obtained. 
I0"9M 
PARAOXON CONCENTRATION 
(LOG SCALE) 
m ro 
o c |Op 
PER CENT ENZYME ACTIVITY 
\ 
Figure 4. Relationship between parathion activation and 
pH; borax-KHgfO^ buffer was used; pH values 
are those of incubation mixtures; one of the 
5 sets of data obtained. 
Figure 5. Time course of parathion activation by 10% 
F-3 fractions; one of the 4 sets of data 
obtained. 
PARAOXON CONCENTRATION 
o 
Oro 
2 
H 
2 
m 
o 
S 
PARAOXON CONCENTRATION 
« 5 l0'®M 5 
—, 1 1— 
Figure 6. Noncompetitive inhibition of parathion activa­
tion by SKF 525-A; 10% F-3 fractions treated 
with paraoxon were used; one of the two sets of 
data obtained. (S) is parathion concentration 
and V the rate of paraoxon production; inhibitor 
concentrations are given on the graph. 
Figure 7.  Competitive inhibition of parathion activation 
by antiresistant compound; 10% F-3 fractions 
treated with paraoxon were used; one of the 3 
sets of data obtained. (3) is parathion con­
centration and V the rate of paraoxon produc­
tion ; inhibitor concentrations are given on 
the graph. 
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ui 
l-
ZD 
2 
2 
GO, 
0 
-
IXIO M 
-
X/2.5XI0 M 
M/^NO INHIBITOR 
-
Y 
I R 1 1 1 1 1 1 1 
0 ,5.rh 6 (LOV) 
15 IXIO M 
510 2.5X10 M 
5 NO INHIBITOR 
0 
(10 M ) 
Figure 8. Inhibition of parathion activation by sesamex 
(probably competitive); 10% F-3 fractions treated 
with paraoxon were used; a single experiment. 
(S) is parathion concentration and V the rate 
of paraoxon production; inhibitor concentrations 
are given on the graph. 
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20 
2.5X10 M 
1X10 M 
2 
CD O 
NO INHIBITOR 
(lO M ') 
Figure 9. Time course of activation by non-enzymatic 
model systems ; complete system contained 2xlO~^M 
parathion, 5x10"FeSO^, 0.01M EDTA, 0.02M 
sodium ascorbate and 0.02M sodium acetate. 
A: complete less EDTA 
B: complete less ascorbate 
C: ascorbate added at the arrow; broken line 
indicates that time course between the points 
was not determined. 
Figure 10. Time course of oxygen uptake by non-enzymatic 
model system; the system and notation are the 
same as in Table 9. Ordinate is semi-quantita-
tlve. Readings were taken at 1-minute intervals 
for the first 10 minutes and less frequently 
thereafter. 
A: complete less EDTA 
B: complete less ascorbate 
C: ascorbate added at the arrow. 
OXYGEN UPTAKE MM 
( MANOMETER READING) 
01 
PARAOXON CONCENTRATION I0"8M 
o\ 
o\ 
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